We aimed to investigate the relationships amongconcha bullosa (CB), nasal septal deviation (NSD), and sinus disease. Weretrospectiv ely reviewedparan asal sinuscomputed tomographysc ans obtainedfrom 296 patients-132 men and 164 women, aged 17to 76 years(median :39)whohadbeen evaluatedover a 19-month period.CBs were classified as lamellar, bulbous, and extensive. In cases of bilateral CB, thelarger sidewasdesign ated asdominant. In all, 132 patients (44.6 %) exhibited pneumatizatio n of at least one concha, 176 (59.5 %) had NSD, and 187 (63.2 %)had sinusdisease. Some 89 of 106patients with unilateral or one-side-dom inant CB (84.0%) had NSD, 89 of 132 patients with CB (67.4 %) had sinus disease, and 109of the 176 patientswith NSD (61.9%) had sinus disease. We found a statistically significant relationship between CB and contralateral NSD, but no Significant relationship between CB and sinus disease or NSD and sinus disease. While CB is a common anatomicprob lem that may accompany NSD, a causal relationship between cnor NSD and sinus disease is dubious.
Introduction
Concha bullosa (CB)-that is, pneumatizatio n of the middle turbinate-is the most common variant of the sinonasal complex. According to the literature, the prevalence ofCB in the population ranges Widely-from 13 to 72%.'-3 Pneumatizatio n of the middle turbinate is defined as CB regardless of the amount and location of the air.' The cause of the pneumatizatio n is unknown.' Nasal septal deviation (NSD) is another pathology of the nasal cavity that is common in the general population, with a reported prevalence of 18 to 57%.2.5Among its causes are trauma, developmenta l defects, congenital deformities, growth anomalies of facial structures, finger sucking, applying pressure with the tongue to the palate . and breathing through the mouth. Trauma may damage the vomer and maxillary crest, especially if it occurs before the complete ossification of these structures ." The incidence ofNSD is lower in neonates than in adults; moreover, in neonates, accompanying CB is not seen. With increasing age, however, the incidence of NSD increases; meanwhile. CB becomes apparent after the age of7 years, and it continues to develop even after the adolescent period."
The relationship of CB to paranasal sinus disease continues to be debated." Similarly, the role of NSD in the etiology of sinusitis remains unclear.
In this article. we describe our study of the relationships among CB, NSD. and sinus disease.
Patients and methods
We evaluated computed tomography (CT) images obtained from 296 patients-l32 men and 164 women, aged 17 to 76 years (median: 39)-with nasal obstruction. postnasal drainage. facial pain, headache, and/or olfactory disorder who had been seen in the Department ofOtorhinola ryngology-He ad Neck Surgery at Susehri State Hospital in Sivas, Turkey. Patients with a history of nasal surgery were not included in this study.
The CT images we examined were in the coronal plane; they had been obtained with a 3-mm slice thickness. The 
Results
Of the 296 patients, 132 (44.6%) had at least one CB, 176 (59.5%) had NSD, and 187 (63.2%) had sinus disease (table 1) .
Concha bullosa. Of the 132 CB patients, 77 (58.3%) had unilateral involvement and 55 (41.7%) had bilateral CB (figure 1). Of the 55 patients with bilateral involvement, the CBs were of equal size (i.e., nondominant bilateral CB) in 26 patients (47.3%), while one side was dominant in the other 29 patients (52.7%).
A total of 27 CB patients (20.5%) had the lamellar type, 43 (32.6%) had the bulbous type, and 62 (47.0%) had extensive CB.
Nasal septal deviation. Of the 176 NSD patients, 110 (62.5%) had a deviation to the right (figure 2) and 66 (37.5%) had a deviation to the left. The difference between the two sides was statistically significant (p = 0.0163).
Sinus disease. Of the 187 cases of sinus disease, 63 (33.7%) were unilateral and 124 (66.3%) were bilateral (figure 3).
Sinus disease. Sinus disease was also classified as being present or absent. A finding of mucosal changes, ranging from minimal thickening to total sinus opacification detected on CT, was considered to represent sinus inflammatory disease.
Statistical analysis. Statistical analyses were performed with the Statistical Package for Social Sciences software for Windows (v.19.0).Analyseswere performed with chi-square and Wilcoxon ranked-sum techniques. left and right sides of each frontal, ethmoid, sphenoid, and maxillary sinus were assessed. Nasal vasoconstrictors had not been administered before CT.
Concha bullosa. CB was categorized as present or absent, and in the case of the former, further defined as lamellar, bulbous, or extensive, according to the classification developed by Bolger et al:
• lamellar-pneumatization of the vertical lamella of the turbinate (many authors do not regard this as CB);
• bulbous-pneumatization of the bulbous segment of the middle turbinate; and
• extensive (total)-pneumatization of both the lamellar and bulbous segments. I Patients with bilateral CB were considered to have extensive CB if one side was extensive, regardless of its extent on the other side. If neither side was extensive but one side was bulbous, the CB was considered to be bulbous. Only patients with lamellar CB on both sides were considered to have lamellar CB.
Bilateral CBs were also subjectively classified as being either of equal size or as having one concha (the dominant concha) larger than the other.
Nasal septal deviation. NSD was classified as being present or absent. In the former case, the direction of the NSD was defined bythe convexity of the septal curvature. present in 98 of the 164 patients (59.8%) who did not have CB (table 3) . The relationships between the overall presence of unilateral or dominant CB and right-sided and left-sided sinus disease were not statistically significant. On the other hand, two significant relationships were found between the presence of sinusitis and the type of CB. The highest prevalence ofsinus disease was seen in patients with extensive CB (75.8%; p = 0.0185) and bulbous CB (72.1%; P=0.0212) (table 4) .
NSD and sinus disease.Ofthe 176patients with NSD, 109 (61.9%) had some degree of sinus disease. Similarly, 78 of the 120 patients without NSD (65.0%) had sinus disease. There was no significant relationship between the two. Likewise, there was no significant association between the presence of NSD and the side of sinus inflammatory disease . There was a statistically significant relationship between the presence of unilateral or dominant CB and contralateral NSD (p < 0.001). There was also a statistically significant relationship between NSD and the bulbous and the extensive types ofCB (p <0.01 for both). 
Discussion
The patients in our study had been referred for CT for the evaluation of specific symptoms related to sinonasal pathology. As a result, the data available to us concerned only a symptomatic population. The prevalence of CB, NSD, and sinusitis and their associations that are reported here apply only to those patients whose complaints were likely the result of sinonasal disease. Therefore, we cannot extrapolate our findings to the general population, which, of course, includes many people without sinus disease .
Although the exact mechanism of CB formation is unclear, it is believed that the airflow pattern of the nasal cavity plays an important role.' Stammberger proposed two hypotheses to explain the coexistence of CB and NSD. 7 One theory holds that NSD creates a wide concave nasal space (ex vacuo) on the contralateral side that allows the middle turbinate to expand and thus form a CB. The other theory proposes that there is no association between unilateral CB and NSD; instead, concomitant CB and NSD is a coincidental finding, and thus CB is not mo re likely to cause NSD on the contralateral side . However, th e second theory is not con sistent with experimental and clinical findings. For example, some researchers have found a statistically significant relationship between NSD and unilateral CB, although not bilateral CB. 2.H .9 In our study, we found a significant relationship between unilateral or dominant CB and co ntralatera l NSD. NSD usually leads to unilateral na sal obstruction. Biconvex NSD and contralateral inferior concha hypertrophy can lead to bilateral nasal obstruction in patients with NSD. 9 Ho wever, contralateral CB co uld also be the cause ofthis symptom. Keles et al reported that 76.5% of patients with bilateral nasal obstruction had NSD and contralateral CB. 9 Therefore, if there is no con tralateral concha hypertrophy or biconvex NSD in an NSD patient who com plains ofbilateral nasal obstruction, contralatera CB should be suspected.
Whether CB is a cause ofsinusitis remains controversial. Some researchers hav e claimed that CB may cause inflammatory sinus dise ase by exerting pressure on the uncinate process or by obstruct ing the in fu nd ibulum. I ,6, l o,11 Lloyd et al reported that ifCB completely fills the area between the septum and the lateral nasal wall, the middle meatus may be totally obstructed. I I Some studies":" have found that the incidence of Sinus disease, n (%) Present Absent CB was 21 to 29% in patients with chronic sinusitis, while others':" found it to be 53 to 55%. Stallman et al reported that 72% ofpatients with CB had sinus disease, although 78% ofpatients without CB had sinus disease, too. " Based on those findings, they claimed that there was no relationship between CB and sinus disease. What might be the cau se of thi s discrepancy? Studies conducted on asymptomatic patients have found a strong relationship between CB and sinusitls.v" Only studies conducted on symptomatic patients have concluded that there is no significant relationship between CB and sinonasal pathologyY In our study, we looked at symptomatic patients and found no relationship between CB and sinonasal inflammatory disease.
With respect to the type ofCB, Bolger et al' and Unlii et al' reported that the incide nce oflamellar CB was 45 and 46%, respectively; the incidence ofbulbous CB was 21 and 31%, respectively; and the incidence ofextensive CB was 16 and 34%, respectively. The specific type of CB may be an important factor in sinusitis. Lamellar CB is seen as a normal anato m ic variation. Obstruction ofand pressure on surrounding structures are common with the bulbous and extensive types, and they can lead to chronic sinusitis by disturbing ventilation and mucociliary activity in the middle meatus.v" :"
Unlii et al repo rted that there is generally no relationship between sinus pathology and CB.4 However, when they compared the three types, they found that bulbous and extensive CB had a greater tendency to cause ostiomeatal pathology. The y concluded, therefore, th at pneumatization of the inferio r part of the middle turbinate is a caus e of inflammatory sinus disease. We also found a significant relationship between the type of CB and the presence of sin us disease.
Fin ally, we found no statistically significant relationship between NSD and the sid e of sinus di sease. Other studies have found no significant difference between NSD and non-NSD with respect to any type of sinus disease. 8 , 15-17 In conclusion, we fou nd th at there is a strong relati onship between the presence of unilateral or dominant CB and contralateral NSD . We found no statistically significant relationship between the presence of CB and sinus disease, and no relationship between the presence of NSD and sinus disease. However, we did find that the type of CB was significantly related to the presence of sinus di sease because we detected sinus disease significantly most often in patients with bulbous and extensive CB. 
